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THE syndrome of hyperchlora-mic acidosis with nephrocalcinosis was first
described by Dr. Reginald Lightwood at a meeting of the British Padiatric
Association at Newcastle, Co. Down, in May, 1935. He described the finding at
post-mortem in six infants of heavy deposits of insoluble calcium salts in the
renal tubules. The six cases occurred in a consecutive series of 850 autopsies.
This may indicate a higher incidence than is correct. These children have a
prolonged illness and there is a tendency for cases where the diagnosis remains
obscure to gravitate to Great Ormond Street. Renal acidosis of this type is
relatively rare.
Working backwards from these autopsy findings of renal calcification, Dr.
Lightwood made a study of the clinical records and found certain features common
to all cases. Anorexia, constipation and failure to thrive were present in all and
obstinate vomiting in three. On examination, the principal findings were wasting
and muscular hypotonia. Sometimes the urine contained a little albumen, a few
leucocytes and bacteria but there was no general improvement after treatment
of this mild and inconstant infection. The immediate cause of death was infection.
There was no evidence of other disease, the feeding had been correct and
vitamin D dosage not excessive.
In September, 1936, Dr. Lightwood took the subject further by describing a
similar case diagnosed during life with a reduced alkali reserve persisting over
six months and a persistently alkline urine containing a trace of albumen,
occasional white cells and streptococci on culture.
Since then numerous case reports have been published often of single cases
with a few small series from the larger medical centres. Albright and his fellow-
wvorkers in the United States have studied extensively the bone changes in
adolescent and middle-aged persons showing the same biochemical changes. From
these reports the following picture emerges.
In children the onset may be in the first few weeks after birth or more frequently
at any time during the first year. Less often it has been reported during childhood,
at puberty or at any age in adult life. In adults the prominent feature is usually
the bony changes secondary to the effects on calcium metabolism. The development
of these bony changes can often be traced back many years-even up to twenty-
suggesting that the onset is most often if not always in early life.
The symptoms in infants are anorexia, vomiting which is variable in persistence
and severity, but often sufficiently severe to produce recurrent episodes of
dehydration, constipation, hypotonia, failure to thrive and polyuria. Added to this
are renal rickets and dwarfism in older children, while asthenia and osteomalacia
58with its bone pains and deformity are the presenting features in adults. Any of
these symptoms may be absent or any combination present. This presents a
diagnostic problem, for there are obviously few of the maladies of infancy that
may not be simulated.
The urine is persistently alkaline or at best weakly acid. It is usually of low
specific gravity with a trace of albumen and a few white cells. Mild and transient
urinary infections are common. They may clear up without treatment and their
presence seems to be unconnected with the main picture.
Examination of the blood biochemistry shows a persistently low CO2 combining
power, raised serum chlorides, a normal blood urea when the infant is not
dehydrated, a normal or low serum calcium, a low phosphorus and in some cases
a raised alkaline phosphatase.
At post-mortem small bristle like deposits of calcium can be seen naked eye as
radial white lines in the renal medulla most evident in the pyramids with relatively
normal cortices, calyces and ureters. Histologically, the calcium is seen to be
between the basement membrane of the tubule and the lining epithelium. The
collecting tubules are most often involved. Changes are also described in the
proximal convoluted tubules. Here there are swollen epithelial cells containing
vacuoles of various shapes and occasional deposits of calcium are seen in proximal
and distal convoluted tubules. There are no signs of pyelonephritis or chronic
nephritis, no metastatic calcification and no other significant abnormalities.
X.rays of infants during life may show this diffuse calcification. If not, X-ray
of the kidneys at post-mortem may show it. In the older child and the adult with
this syndrome the presence of calcium deposits or multiple renal stones is almost
invariable.
It is easy to understand that this condition results from failure of the tubular
cells to carry out the selective reabsorption of water and other substances from
the glomerular filtrate, on which the renal control of the pH of the blood depends.
That the glomeruli are normal or only minimally affected is supported by the
usually minor degree of albuminuria, the normal blood urea in the absence of
dehydration and the usual only slight impairment of clearance tests.
It is more difficult to determine the site and nature of the tubular defect. It has
been widely accepted, possibly incorrectly, that the fault lies in the distal tubule,
because it is the site of the production of ammonia and the acidification of the
urine. Failure of these two processes could explain the retention of the acid
radicles in the blood and the simultaneous excretion of an alkaline urine with the
loss of fixed base including calcium occurring as a compensatory measure in the
removal of the excess acid radicles. Greenspan has suggested that the basic fault
is the inhibition of carbonic anhydrase, an enzyme which controls the exchange
of H-ions for base across the tubular cell. Possibly a toxic reaction to suphonamides
may be one of the factors causing this inhibition. Certainly these cases do not
tolerate sulphonamides well. Recent work by Latner and Burnard hinges on the
high urinary bicarbonate which suggested to them a failure to absorb bicarbonate
59in the proximal tubule; which, passing on down to the distal tubule, increases
the absorption of chlorides and upsets the process of acidification. By perfusing
the kidneys of children showing the accepted clinical and biochemical findings of
this syndrome with phosphate solutions, they showed that the tubular cells could
produce normal amounts of free acid and ammonia once the excess of bicarbonate
over phosphate was reversed.
Just as the pathology of the condition is not fully understood the natural history
of the disease is not fully known. Some cases die during an episode of dehydration,
some of secondary infection to which they are specially prone if kept in hospital
over a long period. Some cases die of a severe toxic reaction to one of the
suphonamides usually suphathiazole. Some cases recover after an illness of many
months. Some evidently recover only partially and after months or years show the
effects of this continued expenditure of fixed base to cover the excretion of acid
radicles.
In this condition of tubular insufficiency without glomerular insufficiency the
urinary calcium and potassium are both raised. The calcium precipitation in the
tubule is believed to be a consequence of the unusually high concentration in a
tabular fluid of higher pH than normal and the cellular damage caused by the
deposited calcium is believed to explain the polyuria and low specific gravity.
Loss of calcium in the urine lowers the serum calcium level which stimulates
the parathyroid gland to overaction. Hyperparathyroidism results in increased
excretion of phosphorus which lowers the serum phosphorus level. This is the
factor which causes the rickets of the growing child and the osteomalacia of the
adult for there is a reciprocal relationship between serum phosphorus and serum
calcium and the low serum phosphorus causes an elevation of the serum calcium
to normal at the expense of the body's reserves of calcium in the bones. Increased
activity of the osteoblasts causes an increase in the serum alkaline phosphatase
before changes can be seen on X-ray. Osteomalacia develops insidiously with its
attendant train of bone pains and deformities with pseudofractures and generalised
decalcification on X-ray. Another factor of importance here is that gastric acidity
is decreased in acidotic states, which would tend to decrease the calcium absorbed
from the gastro-intestinal tract.
Loss of potassium in the urine gives rise to clinical signs less often than loss
of calcium, but Albright reports several cases who showed paralysis of the limbs
which lasted for several days at a time and usually cleared spontaneously though
at least one death may have been attributable to potassium lack.
The aims in treatment are to replace the base lost in the urine and to combat the
acidosis. This can best be done by giving the salt of a mineral base and an organic
acid, e.g., sodium citrate or if hypopotassiumaemia is a factor, a combination of
sodium and potassium citrate should be used. An organic acid, e.g., citric acid
can be given also to increase gastric acidity and therefore the amount of calcium
absorbed. The organic acid will largely be burned after absorption. The usual
mixture gwven consists of 140 grams of citric acid and 98 grams of sodium citrate
60in a litre of water, given in doses of 60-120 c.c. per day. This will cure the
acidosis, restore the blood chlorides to near normal and raise the CO2 combining
power, but large doses of vitamin D and adequate amounts of dietary calcium
must be ensured to replace the expended stores of calcium in the cases of
osteomalacia. Once the osteomalacia is cured, the vitamin D dosage should be
reduced, provided alkali therapy is preventing further wastage in the urine. Normal
growth will be restored in those children whose epiphyses are not yet united.
Though this type of acidosis is rare, it should be borne in mind as a possible
diagnosis for the infant who vomits persistently or simply fails to thrive, for the
ailing child with recurrent mild urinary infections or for the case which simulates
atypical and unresponsive Pink Disease. In all such cases the bloodl biochemistry
and the urine should be examined to exclude hyperchloroemic acidosis.
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REVIEW
ILLUSTRATFIONS OF BANDAGING AND FIRST-AID. By Lois Oakes,
S.R.N., D.N. Fourth Edition. I'p. 308. Edinburgh: E. & S. Livinigstone Ltd.
8s. 6d.
THIS should prove a particularly useful book for the student who requires to master the art
of bandaging. The instructions are clearly and concisely given, and on the opposite page the
illustrations show each step of the application. The lay-out is excellent. The First-Aid Section
only covers, unfortunately, Shock, Haemorrhage, and Fractures. One would have liked further
chapters on Principles of First-Aid, Burns, etc. The new chapter on Application of Elastoplast
is also exceptionally well illustrated and should be a valuable addition. E. M.
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